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Identification and Estimation of Size From the Beaks 
o~ 18 Species of Cephalopods From the Pacific Ocean 
GARY A. WOLFf! 
ABSTRACT 
A method of identifying the beaks and estimating body weight and mantle length of 18 species of cepha-
lopods from the Pacific Ocean is presented. Twenty specimens were selected from each of the following 
cephalopod species: Symplectoteulhis oualaniensis, DosWicus gigas, Ommas/rephes bar/ramii, S. luminosa, 
Todarodes pacificus, Nototodarus haM/aiiensis, Orni/hoteuthis vouui/is, Hyalo/euthis pelagica, Onycho/eu/his 
banksii, Pterygioteuthis giardi, Abraliopsis afJinis, A. felis, Liocranchia reinhard/i, Leachia danae, HiSiioteulhis 
heteropsis, H. dofleini, Gonalus onyx, and Loligo opalescens. Dimensions measured on tbe upper and lower beak 
are converted to ratios and compared Individually amflng the species using an analysis of variance procedure 
with Tukey's omega and Duncan's muitiple range tests. Significant differences (P = 0.05) observed among the 
species' beak ratio means and structural characteristics are used to construct artificial keys for the upper and 
lower beaks of the 18 species. Upper and lower beak dimensions are used as independent variables in a linear 
regression model with mantle length and body weight (log transformed). 
INTRODUCTION 
The cephalopods are a class of molluscs which contain about 
1,000 extant species (Voss 1977). Many of these species are rare-
ly captured in large quantities with conventional sampling gear 
since they are generally very adept at avoiding such equipment. 
Those cephalopods which are captured are usually only represen-
tative of the smaller end of the species' size range. 
Cephalopods are regularly captured, however, often in large 
quantities and sizes, by many oceanic predators. Confronted by 
the limitations imposed by conventional sampling methods for 
cephalopods, a number of teuthologists (e.g., Verrill 1879; Joubin 
1900; Clarke 1966, 1977; Imber 1978) have used the cephalo-
pods removed from the stomachs of predators to augment sam-
pling of cephalopod populations. Clarke (1977) has discussed the 
difference in size range and species composition between net-
caught cephalopods and those eaten by a variety of predators. 
Predator-collected cephalopods characteristically expand species' 
lists and species' size ranges for a given area. The disadvantage of 
using cephalopod predators as an alternate sampling method is the 
normally poor condition of the cephalopods in the stomachs. In 
contrast to other prey such as fish or crustaceans, cephalopods are 
usually digested to an unidentifiable condition more rapidly and 
completely. Cephalopods have a relatively greater amount of 
fleshy tissue directly exposed to the digestive process and a lower 
percentage of durable structures which remain after digestion. To 
overcome this problem of identification, alternate methods have 
been developed to characterize cephalopod prey from the few 
durable structures which resist digestion. 
The information obtained from different methods of charac-
terizing a cephalopod beak, developed over the last two decades, 
has varied widely. Few of these methods enable a specific taxon to 
be identified and an associated body weight and length to be 
derived from a beak analysis. The result has been that the contri-
bution and importance of cephalopods in predators' diets have 
been difficult to accurately estimate. The majority of beak identi-
ITexas A&M University. Environmental Engineering Division, College Station. 
TX 77843. 
fication studies have used descnptive methoas to separate taxo-
nomic levels of cephalopods. Akimushkin (1955) and Betesheva 
and Akimushkin (1955) were the first to use beaks to identify 
cephalopods in the stomach contents of cetaceans but neither 
described their method of identification. Clarke (1962, 1980) 
published two comprehensive studies of cephalopod beak identifi-
cation keys based on structural features of the beak. Mangold and 
Fioroni (1966) separated 18 Mediterranean cephalopod species 
on the basis of general beak morphology (6 Octopoda, 12 Teu-
thoidea). Iverson and Pinkas (1971) and Hotta (1973) published 
pictorial guides to cephalopod species from the northeastern and 
northwestern Pacific, respectively. 
METHODS 
An alternate method for identifying cephalopods from beak 
characteristics was developed by Wolff (1977) and Wolff and 
Wormuth (1979) using beak dimensions. Using this technique a 
beak key for eight cephalopod species from the eastern Pacific 
was developed (Wolff 1982a) and expanded (Wolff 1982b). The 
following presents a cephalopod beak key utilizing beak ratio 
comparisons and structural differences among species and the 
formulation of equations for estimating body weight and mantle 
length using beak dimensions for some species in the Pacific. 
The cephalopods for this research were gathered from a variety 
of areas (Fig. I). The species examined were Symplectoteuthis 
oualaniensis (S.o.), Dosidicus gigas (D.g.), Ommastrephes bartramii 
(0. b.), S. luminosa (S. lum.), Todarodes pacificus (T.pac.), 
Nototodarus hawaiiensis (N.haw.), Ornitholeuthis volalilis (0. vol.), 
Hyaloteulhis pelagica (H.pel.), Onychoteuthis banksii (0. bnk.), 
Pterygioteuthis giardi (P.gia.), Abraliopsis affinis (A.aff), A. felis 
(A. fel.), Liocranchia reinhardti (L.rei.), Leachia danae (L.dan.), 
Histioteuthis heteropsis (H.het.), H. dojleini (H.daf), Gonatus onyx 
(G.ony.), and Loligo opalescens (L.op.). The technique of beak 
removal and measurement (Fig. 2) follows that described by 
Wolff (l982a, b). The beak dimensions measured on the upper 
beak were: Length of the rostrum (RL), rostral tip to inner margin 
of wing (RW), length of hood (HL), width of the wing (WW), 
wing to crest length (WCL), jaw angle width (JW), and length of 
the crest (CL). Dimensions measured on the lower beak were: 
Rostral tip to inner posterior corner of the lateral wall (RC), 
rostral tip to inner margin of wing (RW), length of the rostrum 
(RL), length of the wing (WL), and jaw angle width (JW). 
Significant differences among the species' beak ratios were 
determined with Tukey's w-procedure and Duncan's new multiple 
range test (Steel and Torrie 1960). Combinations of descriptive 
characteristics and significant beak ratios are used to identify the 
species of cephalopods. Linear regressions were calculated to ex-
press the relationship between a beak dimension and the mantle 
length and log transformed body weight. 
RESULTS 
The results of the ANOV A procedure for the beak ratios are 
summarized in Table I . The species ' means are ranked by each 
beak ratio and the standard error of the treatment mean for each 
ratio is given. This table forms the basis for the construction of the 
biometric portion of the keys for the upper and lower beaks. 
The ratio values in the key represent the midpoints between 
species' means. The confidence intervals (CI) which follow are 
derived either from Tukey's method (T) or Duncan's method (D). 
When two confidence intervals are given, only the latter 
(Duncan's), is significantly different, but both are given for pur-
poses of comparison. Alternate ratios (*) are given at critical 
points in the key as we.ll as at the points where species are iden-
tified. These alternate ratios are provided for cross reference and 
in cases where a specific beak dimension cannot be used (e.g., 
damaged). 
Descriptive characteristics of the beak follow those of Clarke 
(1980) and Rancurel (1980) . The descriptive characteristics are 
summarized in Table 2 for each species and are illustrated in 
Figure 3. Beak pigmentation patterns at different size ranges are 
illustrated in Figures 4 through 18 and referred to in the species 
descriptions. Photographs of the species upper and lower beaks 
are presented from three different aspects and are also referred to 
in the beak key species descriptions (Figs. 19-36). A figure for 
Thysanoteuthis rhombus (Fig. 37) is included even though no 
measurements were made of the beak. The distinctive shape 
should facilitate its identification, however. 
Key for the Upper Beak 
I a. Double anterior-posterior ridge and groove on inner sur-
face of rostrum . .. . . .. . .... . .. . . ... .. ..... .... .. 15 
1 b. Double anterior-posterior ridge and groove absent on 
inner surface of rostrum . . . . . . . . . . . . . . . . . . . . . . . . .. 2 
2a. Groove at jaw angle . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 4 
2b . Groove absent at jaw angle . . . . . . . . . . . . . . . . . . . . . . .. 3 
3a. Jaw angle deeply recessed ......... . .. . ..... . . ... . 12 
3b. Jaw angle not deeply recessed. . . . . . . . . . . . . . . . . . . .. 5 
4a . RLlJW > 1.24 (CI = 1.35 ± 0.046T) .......... O. banksii 
*RLlHL < 0 .33 (CI = 0.316 ± 0.014T) 
*JW/CL < 0 .184 (CI = 0.162 ± 0.008T) 
Onychoteuthis banksii (Fig. 19). The jaw angle is slightly 
recessed and moderately acute; anterior-
posterior groove at jaw angle about 1/3 of RL; 
two short pigment stripes on inner surface of 
crest; wing base inserted about 2/3 down 
2 
anterior margin of lateral wall; the crest is 
moderately curved; the inner margin of the 
hood-wing is strongly curved; the outer margin 
of the rostrum-hood is strongly curved; pigment 
changes with growth are shown in Figure 4. 
4b. RLlJW < 1.24 (CI = 1.128 ± 0.046T) ......... . A. affinis 
*RLlHL >0.33 (CI = 0.345 ± 0.014T) 
*JW/CL >0.184 (CI = 0.207 ± 0.008T) 
Abraliopsis affinis (Fig. 20). The jaw angle is slightly 
recessed and roughly square; anterior- posterior 
groove at jaw angle about 1/4 of RL or less; two 
short pigment stripes on inner surface of crest ; 
wing base inserted just above base of anterior 
margin of lateral wall; the crest is slightly 
curved; inner margin of hood-wing is strongly 
curved, the outer margin of the rostrum-hood is 
moderately curved; pigment changes with 
growth are shown in Figure 5. 
5a. Double rostral-shoulder edge at jaw angle . . . . . . . . . . . . 6 
5b. Single rostral -shoulder edge at jaw angle . . . . . . . . . . . . . 7 
6a. RLlJW > 1.281 (CI = 1.355 ± 0.046T; 0.0290) ... . . . 
.. ..... ....... ............... .. ... .... .. H. dofleini 
*HLlJW >4.078 (CI = 4 .285 ± 0.153T) 
* JW ICL <0.194 (CI = 0.188 ± 0.008T; 0.0050) 
Histioteuthis dofleini (Fig. 21). The jaw angle is not 
recessed and is obtuse; the shoulder-to-rostral 
region of the beak has a double edge; wing base 
inserted just above base of interior margin of 
lateral wall; the crest is virtually straight; the in-
ner margin of the hood-wing is moderately to 
slightly curved; the outer margin of the rostrum-
hood is moderately curved; pigment changes 
with growth are shown in Figure 6. 
6b. RLlJW < 1.281 (CI = 1.207 ± 0.046T) . . . .. . H. heteropsis 
*HLlJW <4.078 (CI = 3.872 ± 0.153T) 
* JW ICL >0.194 (CI = 0.220 I ± 0.008T; 0.0050) 
Histioteuthis heteropsis (Fig. 22). The jaw angle is not 
recessed and is obtuse; the shoulder to rostral 
region of the beak has a double edge; wing base 
inserted about 2/3 down anterior margin of 
lateral wall; the crest is slightly curved; the inner 
margin of hood wing is moderately to slightly 
curved; the outer margin of the rostrum-hood is 
moderately curved; pigment changes with 
growth are shown in Figure 7. 
7a. RLlJW < 1.323 (Cl = 1.162 ± 0 .046T) . .... .. .. . . . . 8 
*HLlJW <4.261 (CI = 3.846 ± 0.153T) 
Wing base inserted 2/3 or more down anterior margin of 
lateral wall 
7b. RLlJW > 1.323 (CI = 1.484 ± 0.046T) .. . .. .... . G. onyx 
*HLlJW > 4.261 (CI = 4 .676 ± 0.153T) 
*JW/CL <0.178 (CI = 0.169 ± 0.008T) 
Gonatus onyx (Fig. 23). The jaw angle is not recessed 
and is strongly obtuse; wing base inserted about 
1/2 down anterior margin of lateral wall; the 
crest is virtually straight; the inner margin of 
hood-wing is moderately curved; the outer 
margin of the rostrum-hood is strongly curved, 
particularly in the rostral area; pigment changes 
with growth are shown in Figure 8. 
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.0062 
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.0063 
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.0072 
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.0051 
.0798 
.0091 
.0612 
.0060 
.0056 
.0315 
.0046 
.0729 
.0039 
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Ratio s. o. 
RLlRW .766 
RLlHL .354 
RLlWW 1.506 
RLlWCL .358 
RLlJW 1.214 
RLlCL .288 
RWiHL .463 
RWiWW 1.968 
RWiWCL .467 
RWIJW 1.586 
RWiCL .376 
HLiWW 4.253 
HLlWCL 1.010 
HLlJW 3.431 
HLlCL .813 
WWiWCL .238 
WWiJW 0.811 
WWiCL .192 
WCLlJW 3.399 
WCLlCL .805 
JWiCL .237 
S.lum. D. g. 
.621 .682 
.309 .334 
1.083 1.281 
.314 .354 
1.265 1.161 
.251 .280 
.498 .491 
1.740 1.878 
.507 .519 
2042 1.705 
.404 .41 1 
3.498 3.827 
1.018 1.058 
4.104 3.474 
.812 .837 
.292 .277 
1.179 0.910 
.233 .219 
4.032 3.284 
.798 .791 
.198 .241 
.0124 RCiRW 1.119 1.181 1.232 
.0533 RCiRL 2.783 3.071 2.807 
.0215 RCiWL 1.755 1.650 1.829 
.1252 RCIJW 2.995 4.057 3.357 
.0468 RWiRL 2.323 2.599 2.280 
.0141 RWiWL 1.465 1.398 1.485 
.1054 RWiJW 2.500 3.433 2.727 
.0122 RLlWL .632 .540 .653 
.0400 RLlJW 1.077 1.3 2 1 I .1 97 
.0830 WLlJW 1.709 2.462 1.838 
O. b. 
.606 
.309 
1.1 I I 
.319 
1.061 
.252 
.509 
1.830 
.526 
1.758 
.416 
3.594 
1.033 
3.453 
.817 
.288 
0.966 
.228 
3.342 
.791 
.238 
1.199 
2.967 
1.700 
3.673 
2.475 
1.418 
3.066 
.577 
1.243 
2.168 
Table I.-Ratio means with standard error or the treatment means (Si)' 
Species 
T. pac. N haw. 0. vol. H. pel. A. aff A. fel. P. gia. H. her. H. dolO. bnk. L. rei. L. dan. C. ony. L. opa. 
.612 
.295 
1.126 
.296 
1.119 
.238 
.481 
1.823 
.484 
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.389 
3.788 
1.007 
3.811 
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1.107 
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3.791 
.803 
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1.350 
3.368 
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2.503 
.666 
.32 I 
1.299 
.329 
1.162 
.260 
.482 
1.937 
.494 
1.751 
.391 
4.018 
1.025 
3.632 
.8 I I 
.257 
0.912 
.203 
3.542 
.791 
.223 
1.169 
3.045 
1.615 
3.519 
2.609 
1.382 
3.016 
.535 
1.157 
2.186 
.731 
.359 
1.658 
.382 
1.412 
.290 
.492 
2:251 
.524 
1.941 
.398 
4.580 
1.065 
3.944 
.808 
.236 
0.877 
.179 
3.701 
.758 
.205 
1.148 
2.685 
1.724 
3.871 
2.343 
1.501 
3.379 
.645 
1.439 
2.265 
Upper beak 
.683 
.336 
1.481 
.341 
1.162 
.265 
.492 
2.147 
.499 
1.714 
.389 
4.370 
1.014 
3.479 
.791 
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0.815 
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3.345 
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1.341 
.306 
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2.254 
.518 
1.916 
.396 
3.870 
0.884 
3.279 
.677 
.232 
0.861 
.178 
3.719 
.766 
.207 
Lower beak 
1.159 
3.035 
1.613 
3.238 
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1.392 
2.796 
.534 
1.068 
2.013 
1.209 
2.959 
1.689 
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3.179 
.575 
1.308 
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.346 
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1.146 
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.688 
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3.796 
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4.079 
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1.365 
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.580 
.313 
1.151 
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1.042 
.226 
.542 
1.979 
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0.917 
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3.641 
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.217 
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3.424 
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.457 
1.032 
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.575 
.313 
1.082 
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1.207 
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.543 
1.872 
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1.103 
.422 
3.444 
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3.872 
.777 
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1.136 
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.201 
1.200 
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1.706 
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1.949 
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.431 
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4.285 
.798 
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1.195 
.222 
4.116 
.767 
.187 
1.244 
3.188 
1.751 
5.244 
2.567 
1.406 
4.221 
.554 
1.653 
3.023 
.599 
.316 
1.190 
.271 
1.349 
.218 
.528 
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.452 
2.257 
.364 
3.756 
0.856 
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.689 
.229 
1.148 
.185 
5.014 
.805 
.162 
1.186 
3.223 
1.644 
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2.722 
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2.822 
.512 
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2.039 
.523 
.290 
0.941 
.261 
0.962 
.211 
.557 
1.799 
.502 
1.850 
.405 
3.244 
0.901 
3.324 
.728 
.280 
1.035 
.226 
3.693 
.808 
.219 
\.142 
3.580 
1.513 
4.402 
3.139 
1.327 
3.867 
.425 
1.235 
2.911 
.582 
.320 
1.198 
.302 
1.162 
.235 
.550 
2.053 
.519 
2.002 
.405 
3.733 
0.945 
3.639 
.736 
.254 
0.983 
.198 
3.854 
.779 
.203 
1.266 
3.174 
1.792 
4.775 
2.509 
1.416 
3.769 
.566 
1.506 
2.671 
.589 
.317 
1.124 
.327 
1.483 
.250 
.539 
1.906 
.555 
2.520 
.425 
3.539 
1.030 
4.676 
.789 
.291 
1.325 
.223 
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.767 
.169 
.484 
.246 
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.211 
0.936 
.176 
.509 
1.757 
.435 
1.954 
.365 
3.460 
0.854 
3.486 
.718 
.249 
1.134 
.210 
4.516 
.840 
.188 
1.251 1.235 
2.907 4.058 
1.744 1.526 
8.195 4.025 
2.330 3.289 
1.393 1.236 
6.577 3.258 
.601 .380 
2.822 0.996 
4.726 2.641 
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8a. RLlJW >1.094 (CI = 1.146 ± 0.046T) ............. 9 
Jaw angle slightly recessed; crest and rostrum hood not 
strongly curved 
8b. RLlJW < 1.094 (CI = 1.042 ± 0.046T) ............. 10 
Jaw angle not recessed and crest straight to slightly 
curved or jaw angle slightly recessed and crest strongly 
curved 
9a. HLlCL>0.712 (CI = 0.737 ± 0.015T) ..... . .. .L. danae 
*RLlHL <0.333 (CI = 0.320 ± 0.014T) 
*HLlJW >3.484 (CI = 3.639 ± 0.153T) 
Leachia danae (Fig. 24). The jaw angle is very slightly 
recessed and roughly square; the wing base is in-
serted just above base of anterior margin of 
lateral wall; the crest is slightly curved; the inner 
margin of hood-wing is straight to slightly 
curved; the outer margin of the rostrum-hood is 
moderately curved; pigment changes with 
growth are shown in Figure 9. 
9b. HLlCL<0.712 (CI = 0.688 ± 0.015T) .......... . A.fe/is 
*RLlHL >0.333 (CI = 0.346 ± 0.014T) 
*HLlJW <3.484 (el = 3.330 ± 0.153T) 
Abraliopsis felis (Fig. 25). The jaw angle is slightly 
recessed and roughly square; two short pigment 
stripes on inner surface of crest; the wing base is 
inserted at the base of the anterior margin of the 
lateral wall; the crest is virtually straight; the in-
ner margin of the hood-wing is strongly curved; 
the outer margin of the rostrum-hood is moder-
ately curved, primarily in the rostral area; pig-
ment changes with· growth are shown in Figure 
5. 
lOa. RLlCL >0.194 (CI = 0.211 ± 0.0 II T) ........ . .. . .. II 
*RLlWCL >0.236 (CI = 0.261 ± 0.016T) 
Jaw angle not recessed; crest and rostrum-hood not 
strongly curved 
lOb. RLlCL <0.194 (CI = 0.177 ± 0.0 II T) ..... .L. opalescens 
*RLlHL <0.268 (CI = 0.246 ± 0.014T) 
*HLlJW >3.589 (CI = 3.846 ± 0.153T) 
Loligo opalescens (Fig. 26). The jaw angle is moderately 
recessed and slightly acute; the wing base is in-
serted slightly less than 2/3 down the anterior 
margin of the lateral wall; the crest is strongly 
curved; the inner margin of the hood-wing is 
moderately to strongly curved; pigment changes 
with growth are shown in Figure 10. 
II a. WCLlCL >0.798 (CI = 0.808 ± 0.0 lOT) ... .L. reinhardti 
*RLlJW < 1.002 (CI = 0.963 ± 0.0465T; 0.0260) 
*RLlHL <0.301 (CI = 0.290 ± 0.014T; 0.0090) 
Liocranchia reinhardti (Fig. 27). The jaw angle is very 
slightly recessed and roughly square; the wing 
base is inserted 2/3 down the anterior margin of 
the lateral wall; the crest is slightly curved; the 
inner margin of the hood-wing is straight to 
slightly curved; the outer margin of the rostrum-
hood is moderately curved; pigment changes 
with growth are shown in Figure 9. 
lib. WCLlCL<0.798 (CI = 0.788 ± O.OIOT) ...... . P. giardi 
*RLlJW > 1.002 (CI = 1.042 ± 0.046T; 0.0260) 
*RLlHL >0.301 (CI = 0.313 ± 0.014T; 0.0090) 
5 
Pterygioteuthis giardi (Fig. 28). The jaw angle is not 
recessed and is obtuse; the wing base is inserted 
just above the base of the anterior margin of the 
lateral wall; the crest is straight to slightly 
curved; the inner margin of the hood-wing is 
moderately curved in the hood region; the outer 
margin of the rostrum-hood is moderately to 
strongly curved; pigment changes with growth 
are shown in Figure 8. 
12a. RLlJW < 1.287 (CI = 1.162 ± 0.046T) .......... . .. 13 
*RLlWCL <0.362 (CI = 0.341 ± 0.015T) 
12b. RLlJW > 1.287 (CI = 1.412 ± 0.046T) ....... O. volatilis 
*RLlCL >0.278 (CI = 0.290 ± 0.D11 T) 
*WCLlCL <0.769 (CI = 0.758 ± O.OIOT) 
Ornithoteuthis volatitis (Fig. 29). The jaw angle is deeply 
recessed with a wide rostral edge; the wing base 
is inserted 1/2 down the anterior margin of the 
lateral wall; the crest is straight to slightly 
curved; the inner margin of the hood-wing is 
moderately curved in the wing region; the outer 
margin of the rostrum-hood is strongly curved; 
pigment changes with growth are shown in 
Figure II. 
13a. RLlCL >0.249 (CI = 0.260 ± 0.0 II T) .............. 14 
HLlJW <3.772 (CI = 3.633 ± 0.153T) 
Crest not strongly curved 
13b. RLlCL<0.249 (CI = 0.238 ± 0.0105T) ...... T. pacificus 
*RLlHL <0.3080 (CI = 0.295 ± 0.0142T) 
*RLlWCL <0.312 (CI = 0.296 ± 0.0155T) 
Todarodes pacificus (Fig. 30). The jaw angle is deeply 
recessed with a wide rostral edge; the wing base 
is inserted 1/2 down the anterior margin of the 
lateral wall; the crest is strongly curved; the in-
ner margin of the hood-wing is moderately 
curved; the outer margin of the rostrum-hood is 
strongly curved; pigment changes with growth 
are shown in Figure 12. 
14a. HLlCL >0.801 (CI = 0.811 ± 0.015T; 0.0090) 
.................................... . N. hawaiiensis 
*WCLlCL >0.785 (CI = 0.791 ± O.OIOT; 0.0060) 
Nototodarus hawaiiensis (Fig. 31). The jaw angle is 
deeply recessed with a moderately wide rostral 
edge; the wing base is inserted slightly more than 
1/2 down anterior margin of lateral wall; the 
crest is moderately curved; the inner margin of 
the hood-wing is moderately curved; the outer 
margin of the rostrum-hood is strongly curved; 
pigment changes with growth are shown in 
Figure 13. 
14b. HLlCL <0.80 I (CI = 0.791 ± 0.0 1ST; 0.0090) ..... . 
....................................... H. pelagica 
*WCLlCL <0.785 (CI = 0.780 ± O.OIOT; 0.0060) 
Hyaloteuthis pe/agica (Fig. 32). The jaw angle is deeply 
recessed with a wide rostral edge; the wing base 
is inserted slightly more than 1/2 down the 
anterior margin of the lateral wall; the crest is 
moderately to slightly curved; the inner margin 
of the hood-wing is moderately curved; the outer 
margin of the rostrum-hood is strongly curved, 
particularly in the rostral region; pigment 
changes with growth are shown in Figure 14. 
15a. RLlCL>0.266 (CI = 0.280 ± O.OIIT) ...... . .. .. ... 16 
*RL/HL >0.322 (CI = 0.335 ± 0.014T) 
15b. RLlCL<0.266 (CI = 0.252 ± O.OIIT) . ..... . .. ..... 17 
*RLlHL <0.322 (CI = 0.309 ± 0.014T) 
16a. HLlWCL > 1.034 (CI = 1.058 ± 0.030T) . . . .. . . . D. gigas 
*WCLlCL <0.798 (CI = 0.791 ± 0.0 lOT; 0.006D) 
*HLlCL >0.825 (CI = 0.837 ± 0 .015T; 0.009D) 
Dosidicus gigas (Fig. 33). The jaw angle is deeply reces-
sed with a narrow rostral edge; two double ridges 
and grooves (two prominent pigment stripes in 
juveniles) extend from the inner surface of the 
rostrum posteriorly onto the inner surface of the 
crest (Fig. 4); the wing base is inserted 112 down 
anterior margin of lateral wall; the crest is 
moderately to slightly curved; the inner margin 
of the hood-wing is straight; the outer margin of 
the rostrum-hood is strongly curved; pigment 
changes with growth are shown in Figure 15 . 
16b. HLlWCL < 1.034 (CI = 1.010 ± 0.023T) . . S. oualaniensis 
*WCLlCL >0.798 (CI = 0.806 ± 0.010T; 0.006D) 
*HLlCL < 0 .825 (CI = 0.813 ± 0.015T; 0.009D) 
SympleclOteuthis oualaniensis (Fig. 34). The jaw angle is 
deeply recessed with a narrow rostral edge; the 
two double ridges and grooves (two prominent 
pigment stripes in juveniles) extend from the in-
ner surface of the rostrum posteriorly onto the 
inner surface of the crest (Fig. 4); the wing base 
is inserted slightly less than 2/3 down the 
anterior margin of the lateral wall; the crest is 
moderately curved; the inner margin of the 
hood-wing is moderately curved; the outer 
margin of the rostrum-hood is strongly curved; 
pigment changes with growth are shown in 
Figure 16. 
17a. RLllW > 1.163 (CI = 1.265 ±0.046T) ...... . S. luminosa 
*HLI1W > 3.778 (CI = 4.104 ± 0.153T) 
* lW /CL < 0.218 (CI = 0.198 ± 0.008T) 
Symplectoteuthis luminosa (Fig. 35) . The jaw angle is 
deeply recessed with a moderately wide rostral 
edge; two double ridges and grooves (two promi-
nent pigment stripes in juveniles) extend from 
the inner surface of the rostrum posteriorly onto 
the inner surface of the crest (Fig. 4); the wing 
base is inserted 2/3 down the anterior margin of 
the lateral wall; the crest is moderately curved; 
the inner margin oJ the hood-wing is strongly 
curved; the outer margin of the rostrum-hood is 
strongly curved; pigment changes with growth 
are shown in Figure 17 . 
I7b . RLllW < 1.163 (CI = 1.061 ± 0.046T) ...... O. bartramii 
*HLI1W <3.778 (CI = 3.453 ± 0.153T) 
*JW/CL > 0.218 (CI = 0.238 ± 0.008T) 
Ommastrephes bartramii (Fig. 36). The jaw angle is 
deeply recessed with a narrow rostral edge; two 
double ridges and grooves (two prominent pig-
ment stripes in juveniles) extend from the inner 
surface of the rostrum posteriorly onto the inner 
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surface of the crest (Fig. 4); the wing base is in-
serted 112 down anterior margin of the lateral 
wall; the crest is moderately curved; the inner 
margin of the hood-wing is slightly curved; the 
outer margin of the rostrum-hood is moderately 
curved; pigment changes with growth are shown 
in Figure 18. 
Key for the Lower Beak 
I a. Prom inent ridge on lateral wall . . . . . . . . . . . . . . . . . . .. 2 
I b. Prominent ridge on lateral wall absent . ............ . 6 
2a. Jaw angle visible when viewed from side, rostral edge, 
particularly anterior end , strongly curved . . . . . . . . . . .. 3 
2b. Jaw angle hidden when viewed from side, rostral edge 
slightly curved ...... . ............. . .. . ....... .. 4 
3a. RLI JW > 1.440 (CI = 1.653 ± 0.1 OOT) ........ H. dofleini 
*RC/1W > 4.490 (CI = 5.240 ± 0.313T) 
*WLlJW > 2 .610 (CI = 3.020 ± 0.208T) 
Histioteuthis dofleini (Fig. 21). The jaw angle is recessed 
and visible in profile; a knob is present at the 
jaw angle; a strong ridge on the lateral wall 
extends from beneath the hood to just short of 
the inner posterior corner of the lateral wall; the 
hood has a deep, narrow notch at the crest; the 
hood-wing is moderately wide in profile; the 
rostral edge is strongly curved, particularly at the 
tip; the crest-lateral wall is moderately broad 
from a top view and a strong crest fold is present; 
pigment changes with growth are shown in 
Figure 6. 
3b. RLlJW < 1.440 (CI = 1.227 ± O.IOOT) ...... H. heteropsis 
*RC/JW < 4.490 (CI = 3.740 ± 0.313T) 
*WLlJW < 2.610 (CI = 2.200 ± 0.208T) 
Histioteuthis heteropsis (Fig. 22). The jaw angle is not 
recessed and is visible in profile; a weak knob is 
present at the jaw angle; a strong ridge extends 
from beneath the hood across most of the lateral 
wall toward the inner posterior corner; the hood 
notch is shallow; the hood-wing width is moder-
ate in profile; the rostral edge is strongly curved; 
the crest-lateral wall is broad from a top view 
and a weak crest fold is present; pigment 
changes with growth are shown in Figure 7 . 
4a. RLI JW > 1.l72 (Cl = 1.308 ± 0.1 OOT) .. .. ......... 5 
*RW/JW > 3.000 (CI = 3 .180 ± 0 .263T; 0 .164D) 
Hood-wing width is narrow 
4b. RLlJW < 1.172 (CI = 1.037 ± O.IOOT) .. . .... . O. banksii 
*RC/JW <3.595 (CI = 3.340 ± 0 .313T; 0.20ID) 
*RW/JW <3.000 (CI = 2.82 ± 0.263T; 0 .167D) 
Onychoteuthis banksii (Fig. 19). The jaw angle is not 
recessed or visible in profile; a strong, broad 
ridge extends from beneath the hood across the 
lateral wall towards the inner posterior corner; 
the hood width is very shallow; the hood-wing 
width is moderate; the rostral edge is slightly 
curved toward the tip; the crest-lateral wall is 
broad from a top view and a strong crest fold is 
present; pigment changes with growth are shown 
in Figure 4. 
5a. RLlWL >0.549 (CI = 0.574 ± 0.031 T) ....... . A. affinis 
*RW/RL <2.540 (CI = 2.460 ± 0.117T; 0.0770) 
*WLlJW <2.405 (CI = 2.280 ± 0.208T; 0.1250) 
Abraliopsis affinis (Fig. 20). The jaw angle is not reces-
sed or visible in profile; a weak ridge extends 
from beneath the hood across the lateral wall 
towards the inner posterior corner, being most 
prominent beneath and just posterior to the 
hood; the hood notch is very shallow; the hood-
wing width is narrow in profile; the rostral edge 
is slightly curved; the crest-lateral wall is broad 
from a top view and a weak crest fold is present; 
pigment changes with growth are shown in 
Figure 5. 
5b. RLlWL <0.549 (CI = 0.524 ± 0.031 T) ......... . A. felis 
*RW/RL >2.540 (CI = 2.620 ± 0.117T; 0.0770) 
*WLlJW >2.405 (CI = 2.53 ± 0.208T; 0.1250) 
Abraliopsis felis (Fig. 25). The jaw angle is not recessed 
or visible in profile; a weak ridge extends from 
beneath the hood across the lateral wall toward 
the inner posterior corner, being most prominent 
beneath and just posterior to the hood; the hood 
notch is absent; the hood-wing width is narrow 
in profile; the rostral edge is slightly curved; the 
crest-lateral wall is broad from a top view and a 
strong crest fold is present; pigment changes 
with growth are shown in Figure 5. 
6a. Jaw angle not recessed. . . . . . . . . . . . . . . . . . . . . . . . . .. 7 
6b. Jaw angle recessed .............................. 14 
7a. Strong crest fold present; lateral wall fold present. . . . .. 8 
7b. Crest fold absent or weak; lateral wall fold absent 10 
8a. RC/RL>2.830(CI=2.970±0.133T) ............. 9 
*RW /WL < 1.460 (CI = 1.420 ± 0.035T) 
Strong crest fold present 
8b. RC/RL <2.830 (CI = 2.69 ± 0.133T) ......... O. volarilis 
*RLlWL >0.611 (CI = 0.645 ± 0.031 T) 
*RW /WL > 1.460 (CI = 1.500 ± 0.035T) 
Ornithoteuthis volarilis (Fig. 29). The jaw angle is not 
recessed or visible in profile; a weak fold extends 
across the upper 1/3 of the lateral wall; the hood 
notch is shallow; the hood-wing width is wide in 
profile; the rostral edge is strongly curved; the 
crest-lateral wall is broad from a top view and a 
weak crest fold is present; pigment changes with 
growth are shown in Figure II. 
9a. RLlWL >0.555 (CI = 0.577 ± 0.031 T) ...... O. bartramii 
*RLlJW > 1.155 (CI = 1.243 ± O.IOOT; 0.0650) 
*RC/JW >3.450 (CI = 3.670 ± 0.313T; 0.1980) 
Ommastrephes bartramii (Fig. 36). The jaw angle is not 
recessed and is barely visible in profile; a very 
weak fold extends across the upper 1/4 of the 
lateral wall; the hood notch is moderately deep; 
the hood-wing width is wide in profile; the 
rostral edge is strongly curved; the crest-lateral 
wall width is moderate and a strong crest fold is 
present; pigment changes with growth are shown 
in Figure 18. 
9b. RLlWL <0.555 (CI = 0.534 ± 0.031 T) ...... . H. pelagica 
*RLlJW < 1.155 (CI = 1.068 ± O.IOOT; 0.0650) 
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Hyaloteuthis pelagica (Fig. 32). The jaw angle is not 
recessed and is not visible in profile (just visible 
in larger beaks); a weak knob is present at jaw 
angle; a very weak fold extends across the upper 
114 of the lateral wall; the hood notch is shallow; 
the hood-wing width is moderate in profile; the 
rostral edge is strongly curved; the crest-lateral 
wall width is broad and a strong crest fold is 
present; pigment changes with growth are shown 
in Figure 14. 
lOa. RLlJW >1.371 (CI = 1.506 ± 0.106T) ...... . ...... II 
*RLlWL >0.511 (CI = 0.566 ± 0.03IT) 
The crest-lateral wall width is narrow 
lOb. RLlJW <1.371 (CI = 1.235 ± 0.100T) ............. 12 
*RLlWL >0.511 (CI = 0.457 ± 0.031 T) 
The crest-lateral wall width is moderate to wide 
11a. RLlJW >2.164 (CI = 2.822 ± 0.100T) ......... . G. onyx 
*RC/JW >6.480 (CI = 8.190 ± 0.313T) 
*RW/JW >5.175 (CI = 6.580 ± 0.263T) 
Gonatus onyx (Fig. 23). The jaw angle is not recessed 
and is visible in profile; a weak knob is present 
at the jaw angle; the hood notch is absent; the 
hood-wing width is very narrow; the rostral edge 
is slightly curved; the crest-lateral wall width is 
narrow and the crest is sharp but has no fold; 
pigment changes with growth are shown in 
Figure 8. 
II b. RLlJW <2.164 (CI = 1.506 ± 0.1 OOT) ........ . L. danae 
*RC/JW <6.480 (CI = 4.770 ± 0.313T) 
*RW/JW <3.770 (CI = 3.770 ± 0.263T) 
Leachia danae (Fig. 24). The jaw angle is not recessed 
and is visible in profile; a weak knob is present 
at the jaw angle; hood notch is absent; the hood-
wing width is moderate; the rostral edge is 
strongly curved at the tip; the crest-lateral wall 
width is moderately narrow and a weak crest 
fold is present; pigment changes with growth are 
shown in Figure 9. 
12a. RLlJW < 1.134 (CI = 1.032 ± o. lOOT) ............. 13 
*RW/JW <3.565 (CI = 3.260 ± 0.263T) 
Rostral edge straight with weak crest fold or rostral edge 
strongly curved without crest fold 
12b. RLlJW >1.134 (CI = 1.235 ± O.IOOT) ..... .L. reinhardti 
*RW/JW >3.565 (CI = 3.870 ± 0.263T) 
*RW/WL >1.305 (CI = 1.330 ± 0.035T; 0.0180) 
Liocranchia reinhardti (Fig. 27). The jaw angle is not 
recessed and is visible in profile; a weak knob is 
present at the jaw angle; the hood notch is ab-
sent; the hood-wing width is moderate; the 
rostral edge is straight to slightly curved; the 
crest-lateral wall width is broad and the crest is 
broad without a crest fold; pigment changes with 
growth are shown in Figure 9. 
13a. RC/RL>3.740 (CI = 4.058 ± 0.135T) ..... .L. opalescens 
*RW/RL >3.060 (CI = 3.290 ± 0.1 17T) 
*RLlWL < 0.418 (CI = 0.380 ± 0.031 T) 
Loligo opalescens (Fig. 26). The jaw angle is not recessed 
and is visible in profile; the hood notch is 
shallow; the hood-wing width is moderately 
wide; the rostral edge is strongly curved parti-
cularly at the tip and is often rough (serrated); 
the crest-lateral wall width is broad and the crest 
is sharp but has no fold; pigment changes with 
growth are shown in Figure 10. 
13b. Re/RL<3.740 (el = 3.424 ± 0.133T) ........ . P. giardi 
*RW/RL <3.060 (el = 2.S30 ± 0.117T) 
*RL/WL >O.4IS (el = 0.457 ± 0.031 T) 
Pterygioteuthis giardi (Fig. 2S). The jaw angle is not 
recessed and is visible in profile; a weak knob is 
present at the jaw angle; the hood notch is ab-
sent; the hood-wing width is very narrow; the 
rostral edge is straight; the crest-lateral wall is 
broad and the crest is narrow with a weak fold; 
pigment changes with growth are shown in 
Figure S. 
14a. RW/RL>2.460(el=2.600±0.117T) ............. 15 
*RL/WL <0.5S6 (el = 0.541 ± 0.031 T) 
Jaw angle visible, lateral wall fold present and crest-
lateral wall width broad to moderate or jaw angle not 
visible, lateral wall fold present and crest-lateral wall 
width moderate 
14b. RW/RL<2.460 (el = 2.320 ± 0.117T) ............. 17 
*RL/WL >0.5S6 (el = 0.632 ± 0.031 T) 
Jaw angle not visible, weak lateral wall fold and crest-
lateral wall width broad or jaw angle visible, wall fold 
absent and crest-lateral wall width broad 
15a. Re/JW>3.755(el=3.990±0.313T;0.2010) ...... 16 
*WL/JW >2.325 (el = 2.460 ± 0.20ST; 0.1290) 
Hood-wing width moderate; jaw visible with deep hood 
notch or jaw angle not visible with shallow hood notch 
15b. Re/JW<3.755(eI=3.520±0.313T;0.2010) ..... . 
.................................... . N. hawaiiensis 
*Re/JW <3.755 (el = 3.520 ± 0.263T; 0.1670) 
*WL/JW <2.325 (el = 2.190 ± 0.20ST; 0.1320) 
Nototodarus hawaiiensis (Fig. 31). The jaw angle is 
recessed and is visible in profile; a strong knob is 
present at the jaw angle; a weak fold extends 
across the upper 113 of the lateral wall; the hood 
notch is shallow; the hood-wing width is wide; 
the rostral edge is strongly curved; the crest-
lateral wall width is moderate and a strong crest 
fold is present; pigment changes with growth are 
shown in Figure 13. 
16a. RW/WL > 1.375 (eI= 1.400±0.035T;0.0220) ..... 
...................................... . S. luminosa 
*RL/WL >0.520 (el = 0.541 ± 0.031 T; 0.0190) 
Symplectoteuthis luminosa (Fig. 35). The jaw angle is 
recessed and visible in profile; a strong knob is 
present at the jaw angle; a weak fold extends 
across the upper 113 of the lateral wall; the hood 
is deeply notched; the hood-wing width is 
moderate; the rostral edge is strongly curved, 
particularly at the tip; the crest-lateral wall 
width is moderately broad and a strong crest fold 
is present; pigment changes with growth are 
shown in Figure 17. 
S 
16b. RW IWL < 1.375 (el = 1.305 ± 0.035T; 0.0220) ..... 
....................................... T. pacificus 
*RL/WL <0.520 (el = 0.500 ± 0.031 T; 0.0190) 
Todarodes pacificus (Fig. 30). The jaw angle is recessed 
and is scarcely visible in profile; a strong knob is 
present at the jaw angle; a weak fold extends 
across the upper 114 of the lateral wall; the hood 
notch is shallow; the hood-wing width is moder-
ate; the rostral edge is strongly curved; the crest-
lateral wall width is moderate and a strong crest 
fold is present; pigment changes with growth are 
shown in Figure 12. 
l7a. Re/WL > 1.792 (el = I.S29 ± O.IOST; 0.0320) . . D. gigas 
*RL/JW >1.137 (el = 1.197 ± O.IOOT; 0.0590) 
Dosidicus gigas (Fig. 33). The jaw angle is recessed and 
visible in profile; a knob is present at the jaw 
angle; the hood notch is very deep; the hood-
wing width is very wide; the rostral edge is 
strongly curved, particularly at the tip; the crest-
lateral wall width is broad and a strong crest fold 
is present; pigment changes with growth are 
shown in Figure 15. 
17b. Re/WL < 1.792 (el = 1.756 ± 0.1 OST; 0.0320) ..... . 
................................... . S. oualaniensis 
*RL/JW < 1.137 (el = 1.077 ± O.IOOT; 0.0590) 
Symplectoteuthis oualaniensis (Fig. 34). The jaw angle is 
recessed and is scarcely visible in profile; a weak 
fold extends across the upper 113 of the lateral 
wall; the hood notch is deep; the hood-wing 
width is moderate; the rostral edge is strongly 
curved; the crest-lateral wall width is broad and 
a strong crest fold is present; pigment changes 
with growth are shown in Figure 16. 
Body Weight and Mantle Length Estimates 
From the Beak 
The equations derived from the regression procedure are given 
in Table 3 with their respective r2 values. Although some other 
beak dimension regressions resulted in higher r2 values than the 
rostral length, it was retained due to its durability and frequent use 
as one of the ratio variables in the beak key. The weight and man-
tle length values were plotted against the rostral length values for 
each species (Figs. 3S-55) and are referred to in each of the size 
estimation equations. 
DISCUSSION 
The primary use of identifying and estimating the size of 
cephalopods from their beaks is in stomach content analyses of 
their predators. Since the relationships between dimensions for 
the species in this study were established from specimens collect-
ed primarily by nets, the beaks were in excellent condition. Beaks 
which are removed from a predator's stomach will have been sub-
jected to the possibly damaging processes of ingestion and diges-
tion. As these beaks will ordinarily be in poorer condition than 
those used to construct the key, other characteristics of the beak, 
in addition to the maximum separation of a species' beak ratio 
mean, were considered when the key was constructed. Selection of 
a beak dimension was based on the dimension's durability under 
mechanical and chemical action, the effect such action would 
Species 
s. oualaniensis 
D. gigas 
L. reinhardt; 
A. affinis 
O. banksii 
P. giardi 
o. banramii 
L. opa/escens 
s. luminosa 
T. pacificus 
N. hawaiiensis 
H. pelagica 
H. heferopsis 
H. doflei"i 
A. felis 
L. danae 
0. va/Glilis 
G. onyx 
Table 3.-Regresslon equations and r' values for ML and body weight, beak dimensions in centimeters. 
Upper beak 
Mantle length (mm) r' 
ML = - 2.17 + CL 105.2 0.95 
ML = -10.9 + RL 382.2 0.81 
ML = 65.8 + CL 86.2 0.95 
ML = 4 i.I + RL 346.8 0.87 
ML = - 5.4 + JW 804.7 0.96 
ML = - 3.2 + RL 806.9 0.94 
ML = 4.1 + CL 63.7 0.93 
ML= 9.1 +RL216.1 0.87 
ML=-22.1 +CLI27.6 0.92 
ML = -31.0 + RL 641.0 0.87 
ML = 2. I + RW 230.9 0.76 
Body weight (g) 
In wt = 3.7 + In CL 3.1 0.98 
In wt = 7.6 + In RL 3.2 0.95 
In wt = 4.3 + In CL 2.23 0.97 
In wt = 7.3 + In RL 2.54 0.91 
In wt = 7.2 + In JW 2.34 0.88 
In wt = 7.0 + In RL 2.22 0.87 
In wt = 3.3 + In CL 2.86 0.90 
In wt = 6.0 + In RL 2.2 0.85 
In wt = 9.4 + In RL 3.8 0.93 
In wt = 9.4 + In RL 3.8 0.93 
In wt = 3.8 + In CL 2.75 0.87 
ML = 7.3 + RL 289.8 
ML = 42.4 + HL 95.8 
ML = 51.4 + RL 282.4 
ML = - 5.7 + CL 153.5 
ML = 42.2 + RL 542.7 
0.62 In wt = 5.8 + In RL 2.04 0.83 
ML = 1.27 + CL 101.6 
ML = 9.95 + RL 367.3 
ML = 9.60 + CL 94.8 
ML = 24.3 + RL 342.6 
ML = 20.85 + CL 54.1 
ML = 35.65 + RL 165.9 
ML = 8.44 + CL 82.7 
ML = 20.65 + RL 243.1 
ML = - 4.94 + CL 59.5 
0.99 In wt = 3.7 + In CL 2.4 0.98 
0.94 In wt = 6.7 + In RL 2.15 0.96 
0.94 In wt = 6.0 + In RW 2.25 0.80 
0.79 In wt = 5.7 + In RL 1.21 0.65 
0.98 In wt = 3.15 + In CL 3.02 0.99 
0.97 In wt = 6.99 + In RL 2.78 0.98 
0.98 
0.96 
0.93 
0.91 
In wt = 3.26 + In CL 2.88 0.99 
In wt = 7.02 + In RL 2.56 0.97 
In wt = 2.96 + In CL 2.50 0.99 
In wt = 5.85 + In RL 2.02 0.99 
0.90 In wt = 3.04 + In CL 2.62 0.95 
0.87 In wt = 5.26 + In RL 1.89 0.78 
0.95 In wt = 3.84 + In CL 3.22 0.99 
ML = 0.74 + RL 214.92 0.93 In wt = 7.84 + In RL 2.88 0.95 
ML = 4.45 + CL 41.0 0.98 In wt = 3.61 + In CL 2.65 0.98 
ML = 8.41 + RL 134.4 0.97 
ML = - 5.22 + CL 105.2 0.98 
ML = - 5.05 + RL 442.2 0.94 
ML = 19.66 + CL 165.1 0.98 
ML = 20.13 + RL 694.3 0.98 
ML = -39.81 + CL 123.9 0.96 
ML = -12.96 + RL 360.4 0.95 
ML = 8.28 + CL 58.0 0.81 
ML = 15.22 + RL 181.5 0.71 
In wt = 6.70 + In RL 2.36 0.97 
In wt = 3.22 + In CL 2.67 0.95 
In wt = 6.95 + In RL 2.63 0.90 
In wt = 2.82 + In CL 2.39 0.97 
In wt = 6.18 + In RL 2.35 0.96 
In wt = 2.69 + In CL 3.16 0.98 
In wt = 6.16 + In RL 2.65 0.96 
In wt = 2.30 + In CL 2.42 0.92 
In wt = 4.69 + In RL 1.93 0.80 
Lower beak 
Mantle length (mm) r' 
ML = -11.93 + RC 115.4 0.96 
ML = 6.98 + RL 392.5 0.93 
ML = 68.0 + WL 207.7 0.95 
ML = 44.2 + RL 357.9 0.84 
ML = 0.85 + JW 956.8 0.94 
ML = - 1.09 + RL 802.2 0.89 
ML = 6.3 + RC 77.7 0.95 
ML = 9.8 + RL 192.8 0.88 
ML = -22.5 + RC 177.7 0.93 
ML = -28.9 + RL 610.0 0.95 
ML = 2.3 + RC 121.9 0.76 
ML = 6.2 + RL 331.6 0.41 
ML = 44.6 + RC 103.5 0.99 
ML = 52.7 + RL 276.1 0.96 
ML = 6.0 + RW 240.9 0.87 
ML = 32.4 + RL 607.8 0.74 
ML = 0.69 + RC 138.8 0.98 
ML = 11.12 + RL 376.1 0.96 
ML= 
ML= 
ML= 
ML = 
4.31 + RC 134.4 0.99 
18.53 + RL 374.4 0.97 
18.72 + RC 76.6 0.94 
33.55 + RL 186.1 0.91 
ML = 10.49 + RC 109.4 0.9 I 
ML = 17.81 + RL 285.5 0.86 
ML = - 5.28 + RC 80.5 0.96 
Body weight (g) r' 
In wt = 4.7 + In RC 3.2 0.98 
In wt = 7.8 + In RL 3.0 0.96 
In wt = 4.97 + In RC 2.3 0.95 
In wt = 7.4 + In RL 2.48 0.91 
In wt = 7.76 + In JW 2.3 0.88 
In WI = 6.7 + In RL 2.1 0.80 
In wt = 3.8 + In RC 2.5 0.91· 
In wt = 5.5 + In RL 2.1 0.81 
In wt = 4.7 + In RC 3.5 0.94 
In wt = 9.1 + In RL 3.7 0.89 
In wt = 4.5 + In RC 2.7 0.92 
In wt = 7.6 + In RL 2.6 0.70 
In wt = 4.4 + In RC 2.3 0.99 
In wt = 6.6 + In RL 2.07 0.98 
In wt = 4.4 + In RC 1.95 0.76 
In wt = 6.0 + In RL 1.4 0.58 
In wt = 4.08 + In RC 3.06 0.99 
In wt = 7.05 + In RL 2.75 0.98 
In wt = 4.15 + In RC 2.92 0.99 
In wt = 7.19 + In RL 2.64 0.98 
In wt = 3.75 + In RC 2.56 0.99 
Inwt = 6.05 + In RL 2.06 0.98 
In wt = 3.83 + In RC 2.56 0.95 
In wt = 5.87 + In RL 2.12 0.84 
In wt = 4.77 + In RC 3.19 0.99 
ML = 2.04 + RL 205.7 0.94 In wt = 7.43 + In RL 2.64 0.95 
ML = 4.25 + RC 53.6 0.98 In wt = 4.30 + In RC 2.65 0.98 
ML = 7.69 + RL 145.5 0.97 
ML = - 5.04 + RC 143.5 0.98 
ML = - 2.66 + RL 405.5 0.93 
ML = 20.27 + RC 205.2 0.98 
ML = 18.22 + RL 679.4 0.96 
ML = -38.56 + RC 166.2 0.94 
ML = -16.96 + RL 388.1 0.93 
ML = 8.07 + RC 76.8 0.84 
ML = 12.82 + RL 190.2 0.72 
In wt = 6.96 + In RL 2.44 0.98 
In wt = 4.02 + In RC 2.64 0.93 
In wt = 6.58 + In RL 2.49 0.92 
In wt = 3.34 + In RC 2.37 0.97 
In wt = 6.13 + In RL 2.39 0.95 
In wt = 3.65 + In RC 3.15 0.97 
In wt = 6.29 + In RL 2.66 0.95 
In wt = 2.96 + In RC 2.42 0.93 
In wt = 4.99 + In RL 2.13 0.82 
have on the accuracy of the beak measurement, and the ability to 
separate the ratio means at a given confidence level (P = 0.05). 
Consequently, small dimensions with easily damaged margins 
(e.g., RW, WW, upper beak) were excluded from consideration 
when the beak key was constructed, even though they might show 
very good separation between species' means when used in a ratio 
(e.g., RLiRW, upper beak). Larger dimensions with easily damag-
ed margins (e.g., CL, HL) can still provide a reliable measurement 
within the variability of the sample since an eroded margin would 
represent less of the overall dimension. 
the ratio means and confidence intervals are subject to change, 
particularly in cephalopod species with disjunct distributions. In 
either case, full use should be made of the alternate ratio means, 
the beak figures, and the descriptive characteristics, in order to 
reduce the misidentification of a cephalopod's beak. 
The estimation of the species body weight and mantle length 
are based on the upper and lower rostral length of the beak. In a 
number of cases, other dimensions, which were more represen-
tative of the overall length of the beak (CL, HL, Re), resulted in 
more accurate estimations of the cephalopod's size. The rostral 
length was retained, however, since it is used in most of the ratios 
for species determination and is readily available for size 
estimates. The rostral length, additionally, is very durable and is 
measurable in all but the most severely damaged beaks. The r2 
values of the rostral length regressions, were often within a few 
hundredths of the best regression estimates using the crest length 
or hood length and represent only a minimal loss in accuracy. 
A few of the species in the key have members which were 
collected from noncontiguous or disperse areas. The known 
distribution of Todarodes pacificus is limited to the northwestern 
Pacific and that of Nototodarus hawaiiensis to the area around the 
Hawaiian Islands. Some of the specimens of Histioteuthis dofleini, 
Hyaloteuthis pelagica, and Liocranchia reinhardti were collected in 
the South Atlantic, North Atlantic, Indian Ocean, and the China 
Sea. Geographical variations in morphometric characteristics of 
cephalopod species with either disjunct or widespread distribu-
tions is not uncommon (Young 1972; Wormuth 1976; Wolff 
1982a). When the use of the key is restricted to the eastern 
Pacific, the beak ratios described for the species identification can 
be assumed to be conservative, since the inclusion of measure-
ments made from a few species outside this area can only intro-
duce more variability. This would cause the confidence intervals 
for the beak ratios to expand and increase the difficulty in separ-
ating species. When this key is used outside the eastern Pacific, 
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The identification of cephalopod beaks can expand our knowl-
edge of species size and distributional patterns. In addition, 
cephalopod beak characteristics can provide useful taxonomic 
information. The 21 upper beak ratios and 10 lower beak ratios 
provide 31 morphometric characteristics which can be used in 
conjunction with other, standard characteristics to aid in struc-
turing taxonomic patterns. For example, there are two forms of 
Symplectoteuthis oualaniensis which occur in the Pacific and 
Atlantic Oceans (Clarke 1966). One matures at a larger size and 
has a distinctive light organ on the dorsal mantle surface while the 
other fonn matures at a smaller size and the dorsal light organ is 
absent. The forms are generally accepted to be separate species 
(the genus is currently under revision, M. Roeleveld2). Only two 
upper beaks from the small form have been measured and do not 
provide an adequate representation. It is noteworthy, however, 
that the RLlJW beak ratio mean is 1.11 compared with 1.21 for 
the same ratio in the large form. The beaks of the smaller form are 
further characterized by a much more extensive pigmentation 
than the larger form for a given beak dimension. This character-
istic coincides with the maturation at a smaller size since beak 
pigmentation is related to maturation (Clarke 1980). 
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Figure I.-Collection locations oftbe cephalopods: Sympleclo/eu/his oualaniensis (S.o.), S. luminosa (S.lum.), Dosidieus gigas (D.g.), Ommaslrephes bar/ramii (O.b.), Todarodes pacific us (T.pac.), NolO/odarus 
hawaiitnsis (N.haw.), Omilhottuthis volaJilis (0. vol.), HyalOieuthis pelagiea (H. pel.), Abraliopsis affinis (A.afT.), A. felis (A.fel.), Pterygiottuthis giardi (P.gla.), Hislio/euthis he/trapsis (H.het.), H. dafttini (H. 
doC.), OnyehateUlhis banbii (O.bnk.), Liacranehia reinhardti (L.rei.), Leachia dIlnae (L.dan.), GonaJus onyx (G.ony.), Loligo opaleseens (L.op.). 
side view 
top view 
UPPER LOWER 
Figure 2.-Dimellsions measured on the upper and lower beaks. 
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UPPER 
68 
IJ 
6A-8 
'iJ 
~.';": . . :;.,': ~', '" . IG9 . 
LOWER 
(a) 
X A /7A \ 
/\7C 
16c\ 
(b) 
Figure 3_-Descriptive characteristics of the upper beak (a) JAW ANGLE: lA-recessed, IB-slightly recessed and acute, IC-not recessed and square (90°), ID-obtuse, 
IE-groove, IF-thickened rostral edge, IG-double rostral edge in shoulder region; 2A-ridges and grooves (pigment stripes in juveniles) on Inner surface of rostrum, 
2B-short pigment stripes on inner surface of rostrum; WING BASE INSERTION: 3A-1I2, 3B-2/3, 3C-just above base, 3D-at base; CREST CURVATURE: 4A-sllgbt, 
4B-moderate, 4C-strong; HOOD-WING INNER CURVATURE: SA-stralgbt, SB-moderate, SC-strong; ROSTRUM-HOOD CURVATURE: 6A-moderate, 6B-strong_ 
Lower beak (b) JAW ANGLE: lA-recessed, IB-not recessed, IC-vislble, ID-not visible, IE-knob; LATERAL WALL: 2A-ridge, 2B-weak fold, 2C-strong fold; HOOD 
NOTCH: 3A-deep, 3B-shallow, 3C-absent; HOOD-WING WIDTH: 4A-wide, 4B-moderate, 4C-narrow; ROSTRAL EDGE CURVATURE: SA-straight, SB-sUght, 
SC-strong; CREST-LATERAL WALL WIDTH: 6A-broad, 6B-moderate, 6C-narrow; CREST FOLD: 7A-strong, 7B-weak, 7C-absenl. 
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a) 
Onychoteuthis banksii 
ML-40mm 
WT- 3 9 
O.5em 
ML- 130mm 
WT- 67g 
I em 
Figure 4.-Pigmentation changes with growtb in tbe beaks of Onycholeulhis banksii. 
Abra/iopsis affinis 
ML-20m 
WT-O.6g 
ML-36mm 
WT-4g 
Abra/iopsis feiis 
O.5cm 
Figure 5.-Pigmentation cbanges with growth in the beaks of Abraliopsis ajJinis (a and b) and Abraliopsis fe/is (c and d). 
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Histioteuthis dof/eini 
ML-15mm 
WT-2g 
O.5em 
ML- 84 mm 
WT-229g 
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Figure 6.-Pigmentation changes with growth in the beaks of HiSlio/eu/his dofleini. 
Histioteuthis heteropsis 
ML-24mm 
WT- 6g 
ML-71 mm 
WT-IOOg 
I em 
0.5 em 
Figure 7.-Plgmentatlon changes with growth In the beaks of His/ioteuJhis he/tropsis. 
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Pterygioteuthis giardi Gonatus onyx 
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··· 
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. . 
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Figure S.-Pigmentation changes with growth in the beaks of Plerygioleulhis giardi (a and b) and Gonalus onyx (c and d). 
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Liocranchia reinhardti 
e) 
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ML-125mm 
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Figure 9.-Pigmentation changes with growth In the beaks of Ltachia danae (a and b) and Liocranchia reinhardti (c and d). 
16 
a) 
b) 
Loligo opalescens 
ML- 80mm 
WT-12g 
ML-153 mm 
WT- 33g 
lem 
Figure to.-Pigmentation changes with growth in the heaks of Lo/igo opaleseens. 
Ornithoteuthis vo/att/is 
ML- 70 mm 
WT- 8 9 
lem 
ML- 219 mm 
WT-147g 
lem 
Figure H.-Pigmentation changes with growth In the beaks of OmiJhoteUlhis voltJIilis. 
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To darode s pacificus 
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Figure J2.-Pigmentalion changes with growth In the beaks of Todarodes paci/icus . 
Nototodarus hawaiiensis 
ML-73mm 
WT- 199 
1 em 
ML-136mm 
WT-130g 
lem 
Figure 13.-Plgmentatlon cbanges witb growtb 10 tbe beaks of No/o/odarus hawa;;'lIs;s. 
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Hya/oteuthis pe/agica 
ML- 44mm 
WT- 3g 
O.5em 
ML- 91 mm 
WT- 22 g 
lem 
Figure 14.-Pigmenlalion changes with growth in lhe beaks of Hyaloleulhis pelagica . 
Oosidicus gIgas 
ML-196mm 
WT-191 
lem 
ML- 321 mm 
WT-B42g 
Figure IS.-Pigmentation cbanges witb growth in the beaks of Dosidicus gigas. 
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Symplecfofeufhis oualaniensis 
ML-130mm 
WT-79g 
lem 
ML- 290mm 
WT-927 9 
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Figure 16.-Pigmentation changes with growth in the beaks of Symplecloteulhis oualanitnsis. 
Symplecfofeufh/s lum/nosa 
ML-32mm 
WT- I 9 
O.5cm 
ML-/80 mm 
WT -" 3 
/ em 
Figure 17.-Plgmentatlon changes with growth in the beaks of Sympleclo/tUlhis luminosa . 
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Ommastrephes bartramii 
ML- 85mm 
WT-II g 
O.5em 
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Figure 18.-Pigmentation changes with growth in the beaks of Ommastrephes bartramii . 
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Onychoteuth;s banks;; 
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Figure 19.-The upper (a-c) and lower (d-O beaks orOnychoterdhis banbii. 
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Abra liopsis affinis 
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Figure 20.-The upper (a-c) and lower (d-O bealu of Abra/iopsis ajJinis. 
23 
Histioteuthis dof lein; 
a d 
1 em 
Figure 11.-The upper (a-c) aDd lower (d-I) beaks of Hislial.U1his daft.illL 
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Histioteuthis heteropsis 
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a d 
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...... 
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Figure 22.-The upper (a-c) and lower (d-O beaks or HistioleUlhis he/,ropsis. 
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Gonatus onyx 
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Figure 23.-The upper (a-c) and lower (d-O beaks of Gonalus onyx. 
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Leachia danae 
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Figure 24.-The upper (a·c) and lower (d·O beaks of uachu. danlU. 
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Abra I ;ops;s fel ;s 
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Figure 2S.-The upper (a·c) and lower (d-O beaks of Abraliopsis felis. 
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Loligo opa/escens 
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Figure Z6.-The upper (a-c) and lower (d-O beaks of uligo opal.seens. 
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reinhardti 
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Figure 27.-The upper (a-c) and lower (d-n beaks of Liocranchia reinhardti. 
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Pterygioteuthis giardi 
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Figure 28.-The upper (a-c) arot lower (d-f) beaks or Pttrygiottwhis giDrdi. 
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Ornithoteuthis vo/atilis 
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e ______________ ~f 
1 em 
Figure 29.-Tbe upper (aoc) aDd Iow.r (dot) beaks or Ornithottlllhis YO/alil/s . 
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Todarodes pacificus 
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1 em 
Figure 3O.-The upper (a-c) and lower (d-I) beaks of Todarodes pacificus. 
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Nototodarus hawaiiensis 
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Figure 31.-Tbe upper (a·c:' and lower (d·£) beaks of NololodiJrus hawaUensis. 
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Hyaloteuthis pelagica 
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Figure 32.-The upper (a-c) and lower (d-C) beaks or HyaloteUlhis pelagica. 
35 
Dosidicus • 9'9as 
1 em 
Figure 33.- The upper (a-c) and lower (d-t) beaks or Dosidicus gigas. 
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Symplectoteuthis oualaniensis 
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Figure 34.-The upper (a-c) and lower (d·n beaks of SymplecloltuJhis oualaniensis. 
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Symplectoteuthis luminosa 
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Figure 35.-The upper (a-c) and lower (d·f) beaks or Sympiuloleulhis iuminosa. 
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Ommastrephes bartram;; 
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Figure 36.- The upper (a.c) and lower (d·n beaks or Ommaslrephes bartramii. 
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Thysanoteuthis rhombus 
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Figure 37.-The upper and lower beak of Thysanoteuthis rhombus (ML = 265 mm, 718 g). 
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Figure 38 .-The upper (U) and lower (L) beak rostral length (RL) versus the body weight ofAbraliopsisajJinis and Abraliopsis jt/is IURL, observed 0, predicted 
-; LRL, observed 6 , predicted ---I. 
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Figure 39.-The upper and lower beak rostral length versus tbe body weight or Plerygioleulhis giardi and Gonalus onyx. Symbols as In Figure 38. 
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Figure 40.-Tbe upper and lower beak rostral length versus tbe body welgbt or Letu:hia doniU and Liocranchia reinhardli . Symbols as In Figure 38. 
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Figure 4J.-The upper and lower beak rostralleDgth versus the body weight of Loligo opalesens and Onychoteulhis banksii. Symbols as iD Figure 38. 
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Figure 4Z.-The upper and lower beak rostral length versus the body weight of HistiOleulhis tkIj/eilli and HistiOleu,h is het.ropsis. Symbols as in Figure 38. 
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Figure 43 .- The upper and lower beak rostral length versus the body weight or No/a/odarus hawaiiensis and Ommas/,..ph es bartramii . Symbols as In Figure 38. 
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Figure 44.-The upper aDd lower bea.k rostral ieng1h versus the body weight of Dasidicus gigas aDd SympleCloteUlhis aualaniensis . Symbols as in Figure 38. 
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Figure 45.-The upper and lower beak rostral length versus the body weight or Omi/hOleuthis vola/ilis aDd Symplec/oUuthis lumi"osa . Symbols as in Figure 38. 
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Figure 46.- The upper and lower beak rostral length versus tbe body weight or Todarodes pacificus and Hya/o/euthis pdagica. Symbols as 10 Figure 38. 
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Figure 47.-Tbe upper and lower beak rostral length versus the mantle length of Abraliop.i. affini. aod Abraliop.i. feli •. Symbols as in Figure 38. 
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Figure 48.-The upper and lower beak rostrallengtb versus the mantle Ieogtb of Pterygioleuthi. giordi aod Gonalu! onyx. Symbols as in Figure 38. 
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Figure 49.- The upper and lower beak rostral length versus the mantle length of Leachia dana. and Liocranchia reinhardli . Symbols as in Figure 38. 
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Figure 50.- The upper and lower beak rostral length versus the mantle length of Lo/igo opa/enscens and OnychoteuJhis banksii. Symbols as In Figure 38. 
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Figure 51.-The upper and lower beak rostral length versus the manUe length of His/ioteu/his doJleini and His/io/eUlhis he/tropsis. Symbols as in Figure 38. 
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Figure 52.-The upper and lower beak rostral lengtb versus the mantle length of NOIOiodDrus hawaiiensis and Ommastnphes bartramii. Symbols as In Figure 38. 
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Figure 53.-The upper and lower beak rostral length versus the mantle length of Dosidicus gigas and Symplectoteulhis oualaniensis. Symbols as in Figure 38, 
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FIKure 54 ,- The upper and lower beak rostral length versus the mantle length of OmiJhoteulhis volutilis and Symplectoteulhis laRinosa , Symbols as in Figure 38, 
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Figure 55.-The upper and lower beak rostral length versus the mantle length of Todarodes pacificus and HyaloleuJhis pelagica. Symbols as in Figure 38. 
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